Remote Landslide Observation System with Differential GPS  by Zhu, Xing et al.
Procedia Earth and Planetary Science 5 (2012) 70 – 75
1878-5220 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for Resources, Environment and Engineering.
doi:10.1016/j.proeps.2012.01.012
Available online at www.sciencedirect.com
 
 
Procedia Earth 
and Planetary 
Science 
   Procedia Earth and Planetary Science 00 (2011) 000–000 
www.elsevier.com/locate/procedia 
 
2012 International Conference on Structural Computation and Geotechnical Mechanics 
Remote Landslide Observation System with Differential GPS 
Xing ZHUa, Qiang XUa, Jianbin ZHOUb, Maolin DENGa, a* 
a State Key Laboratory of Geohazard Prediction and Geoenvironment Protection, Chengdu 610059, China 
b College of Nuclear Technology and Automation Engineering, Chengdu University of Technology, Chengdu 610059,China 
 
Abstract 
With aim to master early deformation stages and motion laws of landslide, the raw displacement data of landslide are 
very important for the landslide researchers and environmental scientists. With the recent advances of Global Position 
System (GPS) and computer science, the differential GPS technology now can be used for the remote displacement 
observation of landslide. Therefore, the paper developed a landslide displacement remote observation system based 
on differential GPS technology to get the raw displacement data continually. The system is divided into hardware and 
software functional segments. A real landslide in southwest of China was monitored for several months through 
observation using this GPS-based system placed around and the observed results are presented in this paper. The 
practical application shows that this system has such advantages as being highly-precise, nearly real-time, remote, 
continuous and automatic. 
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1. Introduction 
With aim to master the landslide early deformation stages and laws, the raw displacement data of 
landslide are very important for the landslide researchers and environmental scientists. However, many 
landslides caused significant disaster because they were not monitored continually and accurately. 
Although the formation reasons of landslide are individual and complex, our work shows that the 
landslide deformation appears certain regularity [1]. So, we designed and developed a landslide 
displacement remote observation system based on differential GPS technology to do better research on 
landslide. During the recent decades, GPS has replaced the conventional geodetic measurements and is 
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now playing the most important role in deformation monitoring [2]. In this paper, we present the GPS-
based system implementation, measuring accuracy evaluation and field application. 
2. The principle of GPS in observation landslide displacement  
Among the available technologies such as cables and lasers, the GPS is being increasingly used for 
automated continuous observation of landslide [4], mine-subsidence observation [4][5], deformation of 
man-made structures such as bridges [6], buildings [7], etc. Carrier-phase differential observations from 
four or more GPS satellites allow relative displacements to be measured with sub-centimeter accuracy [8]. 
The Carrier-phase differential observation method can remove the error between the clocks in the satellite 
and the GPS receiver. Because the errors of orbit and atmosphere are connected with the distance between 
the reference (fixed) point and measuring point, a GPS station antenna should be placed near the target 
landslide as a certain reference point, which should be stable and there should be no building or trees to 
envelop or reflect GPS signals. Another GPS station antenna should be placed on the landslide as the 
measuring point. At least 5 satellite signals should be received at the same time, and the data will be 
transmitted and saved into computer hard disk in the real time. The reference point and measuring point 
record 15 min data synchronously, which is called a monitoring phase. In data processing, data of the 
former 300s (about 5 min), are used to obtain the instantaneous cycle ambiguity resolution. When the 
ambiguity resolution is determined, the displacement can be obtained. The provided results are based on 
the WGS-84 geodetic coordinate system. Therefore, the coordinate system should be translated to local 
coordinate system, in which the reference observation station serves as the origin point, as presented in 
section 4.1.  
3. Remote Observation System of Displacement using differential GPS 
The GPS-based displacement observation system is capable of three-dimensional, real-time, and high 
accuracy (mm level) and no requirements of inter-visibility between measuring points. The system is 
composed of hardware and software. Fig.1 shows the general architecture of the GPS-based observation 
system. The system mainly includes GPS observation stations, wireless data communication network, and 
remote control center and web client. The GPS sensing messages are acquisitioned and transmitted to the 
control center through General Packet Radio Service (GPRS) wireless network, and then the base-line 
vectors between the reference point and the observation point are calculated in real time using base-line 
solution software in the computer in the remote control center. Then, the results are stored in database and 
are displayed on the webpage.Therefore, it becomes possible for geo-researchers and environmental 
departments to remotely access landslide displacement data from anywhere at anytime. 
 
Fig.1 The architecture of the GPS-based landslide displacement remote observation system 
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3.1.  Hardware for GPS observation station 
A GPS-based observation system includes at least two GPS observation stations, one of which is the 
reference point and the other is the measuring point. In this section we are going to present the description 
of field data-acquisition system, developed to collect and transmit the GPS signals from GPS sensors 
(including GPS antenna and GPS receiver card) down to a Data Transmit Unit (DTU) based on GPRS 
wireless protocol. Fig.2 presents the general scheme of the GPS observation station. The analog GPS 
signals are received through the GPS antenna and are interpreted into messages in binary format by GPS 
receiver card (SUPERSTAR II from NovAtel Inc.). The GPS messages from the GPS receiver card go to 
Micro-Control Unit (MCU), where it is processed and later sent to an external RAM memory and then is 
passed to the DTU every 15 seconds by RS 232 interface. In order to ensure 24-hour continuous work in 
field, an independent power supply system was applied, including solar and Lithium battery. All 
electronic systems are mounted in an environmentally tolerant sealed enclosure. 
 
Fig.2 GPS observation station block diagram and data flow 
3.2.  Software for remote observation displacement 
In the GPS-based system, the Remote Control Center has the task of collecting data from all GPS 
receivers in the network and post-processing the GPS data from the reference point and the measuring 
point. The GPS data will be processed together, and the results will consist of the relative position of the 
measuring point with respect to the reference station. The software SKLGPS, developed in standard 
“C++” language by the authors, is responsible for the GPS data collecting from Internet (TCP/IP) network, 
data format translation in standard RINEX (Receiver Independent Exchange Format) format, base-line 
vectors calculation, coordinate system transformation, displacement analysis and storage. Fig.3 shows the 
basic data processing flow of SKLGPS.  
 
Fig.3 The basic flow of GPS data processing of SKLGPS software 
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3.3.  Experimental tests 
For evaluating the performance of the GPS-based system, a static experimental test was carried out in 
Chengdu University of Technology. The measuring base-line distance between two GPS stations is 3.7km. 
Fig.4 shows the test deviations and the standard deviation is 3.216 mm. The results show us that this 
system has a high observation precision with sub-centimeter of about ±8mm. Generally speaking, 
because the dynamics associated with geotechnical movements are very slow (mm/year to cm/day) and 
similar to static measuring, this system can meet the need of landslide movement observation. 
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Fig.4 Temporal distribution of the GPS errors of 3.7 km base-line distance 
4. Field Application 
4.1.  Landslide area and methodology 
The goal of this experiment is to analyze the displacements of the Panzhihua airport landslide in 
southwest of China, shown in Fig.5. This airport is located in the southeast of Panzhihua city, which is a 
plateau airport at 1976m. The landslide is located at the outside edge of the airfield runway. On the inside 
stable area there is a GPS reference station that provides differential corrections in real time. On the 
landslide area there is a GPS measuring station at 1662m. The base-line distance between the reference 
station and the monitoring station was 767.7315m when the observation stations were installed. 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 Photograph of the field landslide (From Google Imagery@2011) 
The GPS stations were installed on 17th April, 2011. Fig.6 (a) shows the picture of the GPS obverse 
station. The observation period was from 19th April to 20th July. We chose this time period because this 
is when the landslide was reinforced in the first four months of this year and there was a large-scale 
destruction on 15th July induced by a rainstorm, so this observation is very important for this landslide 
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research. Measurements were done at 15-min intervals, as observation epochs of this duration guarantee 
ambiguity resolution and maximize the storage capacity of the receivers. Fig.6 (b) shows definition of the 
local coordinate system. 
 
(a)                                                                                                       (b) 
Fig.6 (a) the picture of the GPS obverse station; (b) The local coordinate system that has the x-axis positing towards the north, y-
axis towards the east, z-axis perpendicular to the both axes pointing up towards the zenith. The origin is the point O (the reference 
GPS station) and the point M is the measuring GPS station in the local coordinate system. 
4.2.  Test results 
The base-line distance from the reference station to the measuring station is 767.7315m on 19th April 
and 876.9213m on 20th July according to SKLGPS software calculation. During the observation period, a 
relatively small displacement occurred in this area in the first 3 months and then there was a large 
displacement due to a rain storm. Fig.7 (a) shows the accumulative displacements in the relatively small 
deformation phase, which is composed of two sub-phases, one from 19th April to 11th June and the other 
from 12th June to 14th July. The curves show that the measuring station has moved southeasterly in the 
local coordinate system. In the second sub-phase, there is an accelerated deformation of the landslide 
[1].Fig.7(b) shows the large-scale destruction of the landslide after accelerated deformation, which 
occurred at 2:36 am of 15th July, induced by a rainstorm on 14th July. The total remote observation 
accumulative displacement was 114908.36mm, displacement components in North direction was -
39689.42mm, displacement components in East direction was 91011.38mm and in perpendicular 
direction was -59842.16mm. These displacements observed in the landslide area agree qualitatively with 
the eyewitness accounts. 
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(a)                                                                                     (b) 
Fig.7 accumulative displacements in individual directions. (a) 19th April - 14th July  (b) 14th July - 20th July 
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5.  Conclusion 
We have developed and designed a GPS-based remote displacement observation system for detecting 
landslides. The experiment results show us that: (i) We have established the errors of the system 
measuring in static mode every 15 minutes, the measurement accuracy is about ±8mm and meets the 
needs of landslide displacement observation. (ii)The GPS-based system can be used to remote monitor the 
large-scale deformation of landslides in near-real time. At the same time, we can get the landslide 
deformation stage from the change trend of displacement curves. (iii)The GPS-based system can record 
the displacement history at any moment and this is very important to the geohazard prevention and study. 
And it can also be applied to some other structures such as tall buildings, bridges and so on. 
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